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ABSTRACT 



A microcomputer including a video generator and tim- 
ing means which provides color and high resolution 
graphics on a standard, raster scanned, cathode ray tube 
is disclosed. A horizontal synchronization counter is 
synchronized at an odd-submuitiple of the color subcar- 
rier reference frequency. A "delayed" count is em- 
ployed in the horizontal synchronization counter to 
compensate for color subourier phase reversals be- 
tween lines for the non-interlaced fields. This permits 
vertically aligned color graphics without substantially 
altering the standard horizontal synchronization fre- 
quency. Video color signals are generated directly from 
digital signals by employing a recirculating shift regis- 
ter. 

8 Cbdme, 4 Drawing Flgnrei 
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MICKOCOMFUTER FOR USE WJTH VTOEO SUMMARY OF THE INVENTION 

DISPLAY A microproccMor for use with a video display is 

BACKGROUND OF THE INVENTION described. The microprocesKir includes an improved 

t c- ij r^L I • ^ timing apparatus which provides weU-defined color 

I. Field of the InventiOT graphics on a standard, raster scanned, ce«hode ray 

rJ^^lT^^J* a' f^ S^^^^tion of signals for tube. A timing reference means is employed to provide 

^Pri^ " ^* employing digital means. , color reference signal for the vide^ di>Iay. A hori- 

i^:,L ,1 , J ^ e, . ■ . . KMital synchronization means which is synchronized to 

cZt ^ S-^^ ^M f ^' *^ "•,'*«"'^ ^r '° the timing r.ferer«e m«ms provides horizontal syn- 
cmts It nas become possible to provide low-cost mi- -u ■ • . * .^ j- . .^ ~«.^..~- ^./u 

crocompaters saitrf.lVfor home'^use. oT^ Z f^'Xh^ ^'a ^'t^^^ "^"^ !!?"' 
which has flourished in recent years is the amplication^ ^^l*f ^ odd^^-ubmultiple of the color refer- 
microcomputcrs in coDJunctior, with video displays for ^±^ frequency. Ihc tonmg apparatus jncludcs a 
games and grapUc displays. Most often an orZZ i5 "ITS^ °"^ '^'.^l" "* "^tF'^- *° ~* *^ ^T' 
television receiver is employed as the video display ^!^- "^"^ ?P^ and the synchronization means for 
means. The standard, raster scanned, cathode ray tub«» I«"«f»cslly adjuamg the horizontal synchronization 
employed in these receivers and like dbphys, present »8°*».«"°n that these signals remain in phase rctatioh- 
uniquc problems m interfacing these displays with the "^jP *"* the color reference signal, 
digital information provided by the microcomputer. 20 , '°'«'v'«'=»P«tar also includes a unique color sig- 
In presmtins color graphics it is, of coarse, dessrsble nal generation aseaas which uses a recirculating shift 
to provide high resolution lines and to avoid "ragged" ^&^*^- This register receives digital signals representa- 
lines. In a microcomputer contrcUed display, typically a ^^^ °^ "''P* *'°™ memory and circulates this data at a 
single frequency reference source is employed to gener- predetermmed rate. In thh manner a color signal suit- 
ate the color subcarrier reference signal of 3.S79S4SMhz 25 . . fo''.'^ ^th 3 video display is generated from the 
and the horizontal and vertical synchronization signals. ^&^ signals. 

If the frequency of the horizontal synchronization sig- BRIEF DESCRIPTION OF twp r>o a wrxirt- 

mils is to remain close to its normal frequency {i.l 1, "**^^"10N OF THE DRAWINGS 

13,7SOhz) the horizontal synchronization means must . ^- * •? * general block diagram illustrating the 
operate at an odd-submultiple of the color subcarrier 30 ""tented microcomputer in its presently preferred em- 
frequency. When this occurs there is a phase reversal or hodiment 

phase shift of the color subcarrier reference signal when ^^- 2 is a block diagram of the video generator 

compared to color control signal between each of the employed in the microcomputer of FIG. 1. 
lines of the displey. This resets in ragged vertical lines ^p- ^ •* ■ '''"ck diagram of the timing and synchro- 

uidess the coior signals are changed for each line. One 3J "izstion generator employed in the computer of FIG. 1; 
prior art solution to this problem has been to operate the ""* 

horizc'ntal synchronization counter at an even submulti- ^^- * is a graph illustrating several waveforms gen- 

ple of the color subcarrier frequency (i.e. lS,98Qhz). crated by the video generator of FIG. 2. 
This deviation from the standard horizontal svnchroni- r^.~T. . ^ ^~ _ 

zation frequency typically requires manuad SZt 40 °^'^^°iSSI^^°'* °^ ™E 

of the receiver and for some receivers horizontal syn- INVENTION: 

chronization may be more difficult to maintain. A microcomputer is disclosed which is particolarly 

As will be described with the invented micrccom- suitable for controlling color graphics on a staudaid, 
puter, the horizontal counter operates close to its stan- raster scanned, cathode ray tube. The described mi- 
dard frequency (I5,734hz). Through use of a timing 45 crocoroputer includes a video generator which gecer- 
compensation means, counting in the horizontal syn- "tra color signab directly from digital mfotmation. and 
chronization counter is deUiyed to compensate for the « timing means which provides well defined color 
feat that the counter operates at an odd-sulnnultiple graphics, particularly in the vertical direction, without 
frequency of a color reference signal, in this manner, complex programming. 

phase reversal of the color reference »gnal is eliminated 50 In the foUcwing description, numerous well-known 
a-nd sharp graphic displays are provided without com- circuits are shown in block diagram form in order not to 
plex programming. obscure the described inventive =oncepts m unneces- 

In many prior art microcomputer controUed displays, sary detail. In other instances, very specific details such 
color information is stored as four digital bits which are a* frequencies, number of bits, specific codes, etc , are 
"^ to designate green, red, blue, and high/low inten- 53 providing in order that these inventive concepts may be 
sity. The color generation means generally includes a clearly understood. It will be apparent to one skiUed in 
si|^ graerator for generating the pure color signals the art that the described inventive concepts may be 
(CW). These pure color signals are then gated and employed without use of these specific details 
maed in accordance with the binary state of the four Referring now to FIG. 1, the microcomputer in- 

t»ts to provide & color signal compatible with standard «0 eludes a central processing unit (CPU) or microoroces- 
teleyision receivers. Generation of the video color sig- sor 10. While any one of a plurality of commwciaUv 
nal m this manner is complex and requires a substantial available microprocessors may be employed such as the 

""^•°^*^"^- ■ ,. M«OOor«»0,inthep.esendypref«Tedemi^d^ 

The invented microprocessor mcludes a recirculating a commerciaUy avaihible microprocessor Part No 
shift register which circuUtes four bits of mformation. « 6502, is employed. CPU 10 communicates wdth the dau 
In this manner vid«> color signals are generated di- bus 18 through a bidirectional tri-statc buffer 12 The 
rtctly from digital mformation without the cmiber- CPU 10 is also coupled to the address bus 20 throui* a 
some generation techmques employed in the prior art tri-state buffer 13. "»rougn a 
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hnS^^^TT""!^' " '^ ^'^^ P>-eferred em- reference signal of 3.579545Mhz on line 58. The Hgnal 
bodinient. includes two memones. The first is a 12K on line 58 is used in ai, ordinary manner by the S 

£Sdl?bl .y ™f^O^'"''^ !1"'''\" ^^"P*"' '^P'^^' »d also is used asTS^cLo^^^ 

tothedatobusie-ThBROMmaybeaniaskprosram- signal by the shift register counter «) 

mable memory. E PROM or other readonly memory. 5 The 14.3Mhz sign^on line M?<Sdrf by sevea. by 

The pnmary d.,t3 storage for the computer comprises the shift register^ter tO to proW^Vl+N^ 3md 

Aerandom^access memory 23. In the presenUy pre- on line 3Z This signal is used bv the R/^ a of ITO 

i^n.T^T"'' '^ "^""^ nuy contdn 4K to I. This 2+Mh2 signal is fiirthe^ Zded^SiXS 

48K (bytes) and comprises commerciaUy available dy- (divided by two) to orovide a 1 +Mh^ riln^L .io™i ^ 

nam^cMOS memories. The RAM 23 is coupled to the ,0 li.e .^r ST+iS^"^ "in aSof^^bK^ 

vM^\^"*. *'^' ^^' the microcomputer are pro- The •divide^,y-65" counter 63 is used to provide the 

vided by the tmung and synchromzatoon generator 15. horizontal syncluonization signafe fo7 tte "^S 
The nove portions ofthis generator shall be described, 15 laced dispkv. When the ma:C^«^t is °IS 
m de^, m conjunction with FIG. 3. This generator within the counter 63. a si^Tprov^J^La li^^S to 
proyules bmmg signab for the microcomputer, and shift register 60 and Jso toT v<SmchSteatiOT 
^ Tf ^' *^^*^°'^f<»' ««««1» for the video dis- counter «. The counter 64 is eSS«d^ dTw^S 

Sr*a "S; S.^ff °" ";;" ^ '^"f- *' "^"^^ ^^"- ^^ '^ P"^""'^ P'^f^-^ embodiment, the dispUy i. 

ator 25. The tnmng a.id syachromzation generator 15 divided into a 63 X 262 a«ay. However M aTtiie 65 

f^^T^is^^r^'"''''''''^-''-''- £td?SoSr2i^r"°^r«"^F^?"-^ 

•n-^ <,A^r^^ aS^ i7 • J J . . , '°8*'*d 70 of the 262 hues arc also employed for bhmk- 

The address decoder 16 receives address signals from 25 ing. ^^^ 

the address bus 20 and decodes them in a well-known It is aonarent from prn « »fc.» .»^ u • . i 

pled to a cassette jack or to a connector used for receiv- non-integer. As a result, the colorTiA^Jr^e^it^J 

mgg^emput/outputsig^s Known buffers and tim- sigmU Ju be shiS 18? f^'^ch^Sif S 

mgmeans may be employed for th« purpose. 35 some corrective action is taken this wiU resuU to ia«^ 

The video generator 25 receives signals from the vertical lines. As will now be descS^m^fton 

I ?^" V^B^^^'^ provides an output video sig- timing signal once for each line by a period of t^ 
dt^SlS^uTS^n^^rS^.^^''^^'^'-^^ . ^^^gMcycIeofthea.^S^.u'^^'rer 

pnntedcm:mtboard.TLisboardincIudascom«ctorsto last sUge of the four stage couater^S. TSS^ 
aUow the compute to be comiected to a cassette ptay- zero, a binary-one is )o^ into Ae^cS^S- 
back means, or other devices. As will be appreciated, 45 tion 70). The firrt and second rta^^e a! o£ 
numerous weU-known mtercpmiections. driver means of the second stage when the l^^^^X- 
S^^hn^f m^7^°^^j" the microcomputer are nary-zero. Thus, the states become 1110 afleT^ nS 
not shown m FIG. r For a detailed descnption of cir- shift, «>d finally the states become 1111 as indiated^ 
cults and mtcrconnections which may be employed in path 68 '' 

the microprocessor of FIG. 1 including a transparent 50 Eachtimc a signal occurs on line 66 (every 65 cycles 
^^n.t^*^ ^^l "» '^^t'"''^ ''^""T' of *«" ^ Whz «S the normal sequeS^iS S 

^Referi^TrLrmr r^T ''^^- . . • "^^0 3. When a signal occurs on line 66 and ^«L 

Refernng now to FIG. 3, the tmung and synchroniza- count of 0000 is reached. Lhe loading of the binary-one 
ton generator (tmung meanj) mcludes a frequency 55 into the second stage (position 70) is delayed <br two 
'^x^Z «""'*' "T^ *^'"^'°«"- J\' *"•*"* "^ cyclesof the 14.318Mh^k. Tn^e two cycl«^n^ 
?f{.«f/Ji! "" ^°^\^ *? "" ^"f? "u'^*"'''' P"^**" • ^"^ to 180- of the 3.58Mhz signal. Aftrr these ^o 
\t I ^"^^^ '"?* ^J°' ^ P'-'^'^y P'*- ''^"'^^ • »>i««ry-one is then Wed into the second 
«^^t^^^'', TtL'!.""*^'^ *° *^* ^^ "'•ee. followed by the loading of Waary-ones into the 
genen^r "f FI^ 2 as will be descnbed, and b also 60 first and third stages. As indicated by paUi 69. a normal 
cou^ to tht 8l^ re»stcr counter 60 and the divider counting sequence then occurs. By extoiding the count 
55. -rae divider 55 divide thel4.31818Mhz signal by within comiter 60 as described, compcnsrlTo^ 
t^, thereby providmg a 7 15909Mhz signal on line 56. which provides vertical color aligmn^c.* l^to^ 
This Signal is employed by the micropi-ocessor as a line. 

timing signal, and additionaUy, is employed by the shift 65 Referring now to FIG. 1, the video generator 2S of 
register counter 60 as a feedback synchronization sig- FIG. 1 includes two, four bit shift registen 36 and 37 
nal. The signal on hne 56 is further divided by two, by Each of these four bit shift registers faconpled to re^ 
divider 37. to provide the standard color subcarrier ceive four bits of data on lines 30 ftom the RAM 23. 
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The registers 36 and 37 receive a load signal on line 49 Briefly rcfcrrirg again to FIG. 3. each count of the 

which causes the data on lines 30a through 30A to be horizontal synchronization counter 63 corresponds to 

shifted mfo the registers. The fust stage of register 37 3J cycles of the subcarrier reference signal. Thus, a ISO* 

(lo) IS coupled to a multip exer 38 by line 42. The third phase shift occurs from charactcr-to-ch.wacter with 
stegeof register 37 (I,)isalsocoupIedtofbemultiplexer 5 respect to the color subcarrier reference signal. Tha 

!?„w L^' . " ^"^ ^^°V^' ^"l^ *•*«*= "^ ^ •»««* *^* »he color signals must be shifted by 180' by 

Z^lS,^JwJT"'^fJ^ line 44 to the multiplexer the generator of FIG. 2. or the coding fcjr tb<L signab 

^'^^^l^^iTA'^lTVlT'^^'^''^'^'^"^''^ "»"*• ^ «'^™'«' f"' °^<^ '"d <=^« horizontal chS^ 

n„,^'^ lif, ^u / V r ■ .„ter positions. In the presently preferred embodiment, a 

c^rZtr^rS r^,'"^''^^^^^"'^:'^'^^ »««• P'^ '^ fo' th" color signals is obtained bj 

^c^J^eZl%S^Z-l,^T,^ "Ti^ *°«S'^S ^"^"^ «»« ««» °' thirdftages of the selected 

be selectively coupled to the fou^ stage of7egbto37 Jl^^^'.l' ^""^ displayed and tJuit the color iafor- 
through the multiplexer 40 in order tSfoSrf^U >5 ^cLtZ'^^S.'"''1t'"^-'",^VT^ 
within register 37 may be recirailated. Line 44 may be ^| 2,1^,^^^^?^." ^ir".*^' *^\'^ 
coupled through the multiplexer 40 to the fourth sLge Slx^t^ST k^ "., ^ ?f u *™"~'' *'"' '""''- 
of theshiftregister37. Whw thisoccurs. theshifti^S SS^t^h^ horaontal character positions, as 

ters 36 and 37 operate as a single eight bit shift reS "'^"'^ ^^ *« »'«?«> <>" '"»e 47, the phase select m-olti- 
Control sign^ designated t ev^oSd X S^ ^ ?^^„!f "^^^ *«= Yl^"*' /^ !'"« ^ P«' 'J^^ o^" 
«.d upper/lower Y (life 48) are used to control multi- {^S^ ' '^ P'^ '^ "• "''•■«"«* "^ «='«=^"»8 *« 
plexer 38. During the color graphics mode the reidsters ' r*^' j 

36 and 37 operate as separate registers and data is^tcr- pi?T* "iff"'* '"*^.? of oPf"tion the generator of 
nately selected for coupling to line 26 by multiplexer 38. fv ^.u- P^OY"''*,"^ '"^ resolution grrpycs. In 

The upper/lower Y signal, during the color graphics ^' ^m'^,^^^ ^'"^- 'f "f/^^^ ^ provided by the 
mode, allow selection of data from eiUier register 36 or ^^ . to the registers 36 and 37. For this high resolu- 
37. The odd/even X signal th«, toggles the data from Tl^^" f^ f J* ^"S'!tf ,1^' ^''''^ ^' ^^ ^** "^^ 
the selected register by altematiiig selecting In or I, if ^^ ^'*^ f '^^ '^ !^^ 23 are serially coupled to 
register 37 is selected, orI,orl3ifrW 36 is Llect^" 2^^ ^*'~''f26at thel4.318Mhz rate. T^^ 

During the color graphics mode as presenUy iniDle- ^ *^VP'" ^^, 44 to the fourth stage of regwter 37 to 
mented. eight bits of color information are shifted" (in ^^°, " "?^* "^^ '''* ^'^ register. The resultant 
parallel) into the registers 36 and 37 from the RAM 23 ^^* "* ,'*°'*^ °" ""** ■" ^** '* o*" ^G- *• The 
at a 1 +Mhz rate. This data is recirculated within regis- "Snais on Imes 77 and 78 provide either a green or 
ters 36 and 37 at a rate of 14.31818Mhz by the clocking „ Y**"** ""P^^' " ^^ presently preferred embodiment, 
signal received on line 33. The circulation of the data bit enanges are employed to obtain the compensation 

within the registers 36 and 37 at this rate provides sig- P^vided by the multiplexer 33 during the color graph- 
nals having a 3.58Mhz component and as will be de- "*_?°***' 

scribed, these signals may be readily employed for pro- . "^ * microcomputer has been disclosed which is 

viding color signals for video display. «, P«™«"*«'ly suiteble for controlling a color video dis- 

In the color graphics mode, as presenUy imple- P'*^; ^* onique timing means provides weU defined 
mented, each of the display characters is divided into an vertical color lines without complicated programming 
upper and lower color rectangle. The RA.Vf 23 provides <*anges while allowiag the generation of horizontal 
the four bite of color data for the upper rectangles to synchronization signals at close to the standard rate, 
registers 36 and for the lower rectangles to register 37. 45 ^he unique video generator allows the generation of 
This color data for the presently preferred embodiment ""'*" signals directly from digital signals without the 
is coded as follows: complex circuitry often employed in the prior art 

Red; 0001 I claim: 

Pink; 1011 1- In a microcomputer for use with a video display an 

Blue; 0910 j(j improved timing apparatus comprising: 

Light Blue; 01 1 1 a timing reference means for providing a color refer- 

Dark Green; 0100 ence signal for said video display; 

Light Green; 1110 • horizontal synchronization means for providing 

Brown; 1000 horizontal synchronization signals for said display, 

Yellow; 1101 j3 said synchronization means coupled to said timing 

Medium Violet; 001 1 reference means for synchronization with said ref- 

Medium Blu^ 0110 erence means such that said synchronization sig- 

Medium Green; 1 100 nals occur at as odd-submultiple of said color refer- 

Orange; 1001 ence signal; 

White; 1111 jq timing compensation means coupled to said timing 

G«y; 1010 reference means and said horizontal synchroniza- 

Gray;0101 tion means for adju8ti;ig said horizontal synohroni- 

wiien colors are coded m this manner and circulated at zation signals such tiiat said horizontal synchroni- 

the rate of 14.318Mhz in the registers, video color sig- zation signals arc in phase relationship with said 

nals compatible with standard television receivers are 6S color reference signal; 

5I'^r"i^" V^ '""^t»n' «8n»l fo' red is shown on line whereby the color graphics oa a .^aster scanned cath- 

71 of FIG. 4. ught blue on line 72, brown oa line 73 and ode ray tube are sharpiv defmed in the vertical 

gray on hnes 74 and 75. direction. vcmcai 
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2. The apparatus defined by claim 1 wherein said 
horizontal synchronization means comprises a digital 
counter. 

3. The apparatus defined by claim 2 wherein said 
timing compensation means periodically delays count- 
ing in said counter. 

4. The apparatus defined by claim 3 wherein said 
color reference signal i; aa approximately 3.38Mhz 
signal and said hoiizontal syachronization signals occur 
at a frequency of approximately 15,734Hz. 

5. In a micnxomputer for use with a video display an 
improved timing apparatus comprising: 

a horizontal synchronization counter; 

a timing reference means for synchronizing said 
counicr and fur providing a color reference signal, 
said leferoice signal frequency being an odd-multi- 
ple greater tiian the rate at which counting occurs 
in said counter; 20 



8 



10 



IS 



delay means for delaying counting in said counter 
ivhcn the count in uid counter reaches a predeter- 
mined count, said delay means coupled to said 
horizontal synchronization counter and said timing 
reference means; 

whereby well-dcfmed color graphics may be readily 
stored and displayed on said video display. 

6. The apparatus defined by claira 5 including a digi- 
tal divider for dividing by an odd-integer ccupled bts- 
tween said reference means and said counter. 

7. The apparatus defined by claim 6 wherein said 
digital divider includes a shift register counter and 
wherein the loading of digital signals in said register 
counter is interrupted whea said predetermined count is 
reached. 

8. The <!pparatus defined by claim 7 wherein said 
color reference signal is an approximately 3.S8Mhz 
signal and said predetermined count is reached at a 
frequency of approximately 15,734Hz. 
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